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Caprimulgiformes	 Caprimulgidae	 Nyctidromus	albicollis	 1	 Ground	


































Formicariidae	 Formicarius	analis	 1	 Cavity	







Variable	 Nest	Type	 Insidea		 Outsidea	 df	 F	 P	
Mean	
Temperature	
Basket	 26.7	(2.0)	 26.7	(1.4)	 1,	609	 0.525	 0.469	
Cup	 27.4	(1.6)	 27.5	(1.2)	 1,	1161	 0.192	 0.661	
Thermal	
variationb	
Basket	 5.5	(4.4)	 8.9	(4.3)	 1,	26	 42.131	 <.0001	
Cup	 6.5	(2.8)	 10.4	(3.3)	 1,	47	 47.653	 <.0001	
Basket	vs	Cupc	 1,23.2	 0.133	 0.718	
Max	
Temperature	
Basket	 30.3	(2.9)	 31.5	(1.9)	 1,	26	 8.982	 0.006	
Cup	 31.8	(2.1)	 32.9	(1.7)	 1,	47	 17.494	 0.0001	
Basket	vs	Cupc	 1,	22.76	 0.022	 0.884	
Min	
Temperature	
Basket	 23.9	(1.7)	 23.3	(1.2)	 1,	26	 3.267	 0.082	
Cupd	 24.2	(1.5)	 23.4	(0.8)	 						-	 z=	4.19	 <.0001	
Time	of	Max	
Temp	
Basket	 13.6	(1.7)	 13.7	(1.0)	 1,	26	 0.074	 0.787	
Cup	 14.0	(1.3)	 13.4	(2.7)	 1,	47	 2.384	 0.129	
Time	of	Min	
Temp	
Basket	 5.6	(4.9)	 6.6	(6.5)	 1,	26	 0.913	 0.348	
Cup	 5.2	(4.0)	 6.3	(5.3)	 1,	47	 1.891	 0.176	
Length	of	Max	
Temp	
Basket	 3.26	(1.5)	 2.8	(1.4)	 1,	26	 1.908	 0.179	
Cup	 2.4	(1.3)	 2.5	(1.2)	 1,	47	 0.975	 0.328	
Length	of	Min	
Temp	
Basket	 4.3	(2.4)	 4.0	(1.8)	 1,	26	 0.486	 0.492	
Cup	 3.5	(1.9)	 3.1	(2.3)	 1,	47	 0.986	 0.326	
Mean	Humidity	 Basket	 5.1	(4.6)	 6.2	(3.2)	 1,609	 21.390	 <.0001	
Cup	 7.1	(4.2)	 8.4	(2.9)	 1,1164	 77.814	 <.0001	
Basket	vs	Cupc	 1,22.41	 0.053	 0.820	
Humidity	
variationb	
Basket	 14.6	(26.2)	 31.8	(26.5)	 1,	26	 42.595	 <.0001	
Cup	 22.9	(19.8)	 49.7	(29.2)	 1,	47	 41.421	 <.0001	
Basket	vs	Cupc	 1,19.4	 1.692	 0.208	
Min	Humidity	 Basket	 10.2	(9.4)	 16.2	(6.9)	 1,	26	 23.551	 <.0001	
Cup	 15.8	(8.0)	 21.7	(6.7)	 1,	47	 30.673	 <.0001	
Basket	vs	Cupc	 1,	22.61	 0.001	 0.971	
Max	Humidity	 Basket	 2.3	(2.8)	 1.3	(1.3)	 1,	26	 2.946	 0.098	
Cup	 2.4	(2.3)	 1.5	(0.8)	 1,	47	 9.796	 0.003	
Time	of	Min	
Humidity	
Basket	 14.4	(4.8)	 14.7	(1.6)	 1,	26	 0.101	 0.752	
Cup	 14.8	(2.8)	 14.5	(2.9)	 1,	47	 0.271	 0.605	
Time	of	Max	
Humidity	
Basket	 7.9	(7.2)	 6.7	(7.4)	 1,	26	 1.336	 0.258	
Cup	 6.9	(5.9)	 7.8	(6.7)	 1,	47	 3.454	 0.069	
Length	-	Min	
Humidity	
Basket	 3:36	(6:00)	 1:24	(0:30)	 1,	26	 3.771	 0.063	
Cup	 1:24	(0:48)	 1:12	(0:30)	 1,	47	 1.500	 0.227	
Length	-	Max	
Humidity	
Basket	 5:54	(5:36)	 5:42	(5:06)	 1,	26	 0.046	 0.833	
Cup	 4:12	(3:48)	 3:12	(2:18)	 1,	47	 4.251	 0.045	
Temperature	
Range	
Basket	 6.4	(2.6)	 8.3	(2.1)	 1,	26	 49.054	 <.0001	
Cup	 7.7	(1.6)	 9.5	(1.5)	 1,	47	 38.827	 <.0001	
Basket	vs	Cupc	 1,	23	 0.003	 0.958	
Humidity	
Range	
Basket	 7.9	(8.4)	 14.9	(6.3)	 1,	26	 48.346	 <.0001	
Cup	 13.4	(6.8)	 20.2	(6.3)	 1,	47	 43.122	 <.0001	
Basket	vs	Cupc	 1,22.7	 0.012	 0.913	
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Table	2.	Continued	
Variable	 Nest	Type	 Insidea		 Outsidea	 df	 F	 P	
Temp	Rate	of	
Change	
Basket	 0.59	(0.61)	 0.75	(0.69)	 1,600	 57.813	 <.0001	
Cup	 0.69	(0.57)	 0.89	(0.88)	 1,1139	 90.556	 <.0001	
	 Basket	vs	Cupc	 	 1,23.4	 0.304	 0.587	
Humidity	Rate	
of	Change	
Basket	 0.66	(1.37)	 1.35	(1.62)	 1,600	 134.797	 <.0001	
Cup	 1.14	(1.39)	 1.87	(2.29)	 1,1144	 154.755	 <.0001	

























































































































































































































































































































































































































































































































































































































































Cardinalidae	 Habia	fuscicauda		 1	 Cup	
Emberizidae	 Arremonops	chloronotus	 2	 Basket	
Formicariidae	 Formicarius	analis	 1	 Cavity	




Pipridae	 Ceratopipra	mentalis	 2	 Cup	







Turdidae	 Turdus	grayi	 2	 Cup	
Tyrannidae	 Mionectes	oleaginous	
Tolmomyias	sulphurescens	
2	
3	
Basket	
Basket	
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CHAPTER	V	
CONCLUSION	
	
Despite	the	evident	importance	of	microbiomes	to	their	host’s	fitness	and	
development,	the	initial	microbial	colonization	of	a	host	remains	obscure.		
Environmental	exposure	has	been	hypothesized	as	an	important	factor	shaping	the	
microbiome	of	newborn	hosts,	making	the	initial	environment	where	a	host	is	born	
or	hatches	a	pivotal	factor	in	microbiome	assembly.	In	this	dissertation,	I	present	
evidence	that	nests	play	a	central	role	in	early	microbiome	assembly.	I	present	an	
integrative	framework	that	invites	researchers	to	go	beyond	recognizing	individual	
microbial	sources	during	microbiome	assembly	and	to	consider	their	emergent	
interactions,	not	only	early	after	birth	or	hatching,	but	throughout	important	
developmental	stages.	This	framework	provides	a	clear	but	flexible	template	that	
should	allow	the	integration	of	multiple	host	species	with	different	life	histories	into	
the	general	understanding	of	microbiome	assembly.	
Using	tropical	birds,	I	show	that	there	are	important	differences	in	nesting	
environments	between	the	traditional	pattern	observed	in	the	nests	of	temperate	
bird	species	and	the	microclimate	provided	by	tropical	bird	nests.	My	research	
suggests	that	researchers	should	avoid	simple	extrapolations	from	temperate	to	
tropical	ecosystems.	The	fact	that	tropical	nests	present	a	different	microclimatic	
pattern	than	temperate	nests	opens	the	possibility	of	additional	differences	between	
tropical	and	temperate	nesting	biology,	which	could	in	turn	affect	the	microbiome	of	
nests	and	their	relationship	to	microbiome	assembly	of	nestlings	in	tropical	
ecosystems.		
Finally,	I	provided	the	first	evidence	of	nest	architecture	affecting	not	only	
the	microbiome	of	the	nest	walls	but	also	the	microbiome	of	nestlings.	The	effect	of	
nest	architecture	on	the	nestling’s	microbiome	persisted	across	time	and	led	to	
different	trajectories	in	microbiome	composition.	Future	research	should	explore	
the	fitness	implications	of	such	effects	and	how	parental	inputs	interact	with	nest	
architecture	to	influence	the	microbiome	assembly	of	nestlings.	
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